Background: Regular physical activity (PA) has shown substantial cardiac benefits. We sought to investigate whether habitual PA is associated with changes of the electrical action potential duration, as it is represented by the QT duration on a rest ECG, in a population based sample of middle-aged and elderly individuals of Ikaria island. Methods: In a cross-sectional survey 1071 inhabitants of Ikaria Island (65 AE 13 years, 47% males) were enrolled. PA was estimated by means of IPAQ classifying the participants into low, moderate and vigorous group. QT duration was measured from a surface electrocardiogram; while using Bazett's formula the heart-rate-corrected QT (QTc) was calculated. Results: Among participants, 85% reported at least moderate PA levels. Women in the 'vigorous' and 'moderate' PA level compared to those in the 'low'
Introduction
Experimental 1 evidence supports the substantial benefit of exercise training and enhanced physical activity (PA) on vascular and cardiac health. Exercise and PA have beneficial impact on symptoms and clinical outcome in heart failure patients, 2 reduce all-cause mortality in elderly individuals, 3 reduce blood pressure levels in hypertensive and normotensive individuals, 4, 5 while moderate levels of PA are associated with improved lipid profile in cardiovascular disease free individuals. 6 Those effects of PA on mortality may be partially explained by a subsequent increase in cardiac vagal activity, which restores the balance between sympathetic and parasympathetic activity and reduces the susceptibility to arrhythmias and sudden death. 7 The measures of QT interval on the electrocardiogram (ECG) represent the duration of ventricular repolarization. Due to the dependence of QT interval on heart rate, QT interval is typically adjusted using Bazett's formula: QTc = QT/RR 1/2 , and is proposed as a more relevant measurement of arrhythmia's risk evaluation, than is maximum QT duration. Previous studies have shown that a longer QTc interval is associated with greater mortality risk in the general population, 8, 9 in patients with myocardial infarction 10, 11 and in patients with stroke. 12 Additionally, women have a higher heart rate and a longer QTc interval compared with men, as well as a greater susceptibility to drug-induced QT prolongation. 13, 14 QT lengthening has also been reported in diabetics, 15 hypertensives, 16 and elderly individuals 17 while electrolyte disturbances 18 have also been associated with changes of QT interval. Nevertheless, nutritional habits such as regular fish consumption have been associated with shorter QTc interval. 19 It has been hypothesized that prolongation of QTc is the result of an unfavorable balance between sympathetic and parasympathetic activity and PA can restore this balance. Thus, our aim was to evaluate the role of PA on the duration of QTc interval in a sample of middle-aged and elderly inhabitants of the Ikaria Island. This work is a part of large project, the Ikaria Study that involved 1420 individuals permanently residing in the Ikaria Island; a place that has been recognized, world-widely, having among the higher longevity and low mortality rates from cardiovascular disease.
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Methods
Study population
The Ikaria epidemiological Study has been carried out on the island of Ikaria, from June to October 2009; during this period, 1420 middle-aged and elderly inhabitants (65 AE 12 years) were voluntarily enrolled into the study. 22, 23 All participants were interviewed by trained personnel (i.e. cardiologists, general practitioners, dietitians and nurses) who used a standard questionnaire. After the exclusion of 160 subjects having comorbidities that affect their ability to exercise and walk, 136 subjects taking drugs that possibly affect QT interval, such as b-blockers, and 53 subjects having an ECG recording of poor quality, that made the measurement of QT interval inaccurate, a total of 1071 subjects remained for the present analysis.
Bioethics
All subjects were informed about the aims of the study and gave their written informed consent. The study was approved by the Ethics Committee of our institution and was carried out in accordance with the Declaration of Helsinki (1989).
Electrocardiogram measurements designation
All participants underwent digital electrocardiography and a standard 12-lead ECG was recorded (10 s duration) by the use of SE-1010 PC ECG (EDAN instruments, Inc.). Smart ECG Measurement and Interpretation Programs (SEMIP version 1.5) was used for the automated measurement and interpretation of ECGs intervals. The QT interval was measured from the beginning of the QRS complex to the end of the T wave; the last was defined as the intersection of the isoelectric line and the tangent of the maximal slope on the downward limb of the T wave. 24 Adjustment of automatically designated QT interval was performed by two blinded physicians. Similarly, mean R-R interval between consecutive QRS complexes was also measured. Bazett's formula (QTc = QT/RR 1/2 ) was used to correct QT duration for heart rate, 25 while mean QTc interval was calculated in each subject as the sum of QTc intervals from all measured leads divided by the number of measured intervals. Additionally, after a 10 min resting period, a 5 min ECG recording of lead II in a speed of 100 samples/s was acquired in subjects lying the supine position. Heart rate variability (HRV) analysis was performed in accordance with current international guidelines 26 and standard deviation of Normal to Normal Intervals (SDNN) was measured.
PA assessment
PA was evaluated using the shortened version of the self-reported International Physical Activity Questionnaire (IPAQ) for the elderly. 27 Frequency (times per week), duration (minutes per time) and intensity of PA during sports, occupation and/or free-time activities were assessed. In accordance with the standard IPAQ scoring procedures, participants were classified into one of the following groups: upper tertile: 'vigorous' PA (>2500 MET/ min/week or expended calories >7 kcal/min, i.e. walking briskly uphill, cycling fast or racing, swimming fast crawl, etc.), middle tertile: 'moderate' PA (500-2500 MET/min/week or expended calories 4-7 kcal/min, i.e. walking briskly, cycling outdoor, swimming moderate effort, etc.) or lower tertile: 'low' PA (<500 MET/min/week or expended calories <4 Kcal/min, i.e. walking slowly, cycling stationary, light stretching, etc.).
Socio-demographic and lifestyle variables
The survey included basic demographic items, such as age, gender and anthropometric measurements, such as weight and height, which were measured following standard procedures. Body mass index (BMI) was then calculated and obesity was defined as a BMI > 29.9 kg/m 2 . Current smokers were defined as those who smoked at least one cigarette per day; never smokers those who have never tried a cigarette in their life and former smokers were defined as those who had stopped smoking for at least 1 year. Occasional smokers (<7 cigarettes per week) were recorded and combined with current smokers due to their small sample size.
Dietary assessment
Dietary assessment was based on a semi-quantitative food frequency questionnaire that has been previously validated. 28 In brief, consumption of 15 food groups (i.e. meat and meat products, fish and fish products, poultry, milk and other dairy products, fruits, vegetables, etc.) and beverages was measured in terms of daily or weekly or monthly consumption. Overall assessment of dietary habits was evaluated through a special diet score (MedDietScore, range 0-55), which assesses adherence to the Mediterranean dietary pattern. 29 Higher values on the score indicate greater adherence to this pattern and, consequently, healthier dietary habits.
Clinical and biochemical characteristics
Resting arterial blood pressure was measured three times in the right arm, at the end of the physical examination with subject in sitting position. Patients whose average blood pressure levels were greater or equal to 140/90 mmHg or were under anti-hypertensive medication were classified as having hypertension. Fasting blood samples were collected from 08.00 to 10:00 h. All the biochemical evaluation was carried out in the same laboratory that followed the criteria of the World Health Organization Reference Laboratories. Blood lipid examinations (serum total cholesterol, HDL cholesterol and triglycerides) were measured using chromatographic enzymic method in an automatic analyzer RA-1000.
Hypercholesterolemia was defined as total serum cholesterol levels >200 mg/dl or the use of lipid lowering agents. Finally, diabetes mellitus type 2 was determined by fasting plasma glucose tests and was analyzed in accordance with the American Diabetes Association diagnostic criteria (fasting blood glucose levels >125 mg/dl or use of special medication, indicated the presence of diabetes). 30 
Statistical analysis
Continuous variables with normal distribution are presented as mean AE standard deviation, otherwise as medians and quartiles. Categorical variables are presented as frequencies. The independent samples t-test was used for comparisons between means of normally distributed continuous variables.
Associations between categorical variables were tested by forming contingency tables and performing chi-square tests. Comparisons of continuous variables and PA groups were performed with analysis of variances (ANOVA) and Kruskal-Wallis test, as appropriate, while categorical variables and PA groups were compared by the use of chi-square statistics. Investigation of differences between ECG interval variables and PA groups was performed with ANOVA, after controlling for equality of variances (homoscedacity) or with generalized linear regression models for fixed effects after adjustment for several potential confounders. Pearson or Spearman correlation coefficients were used, as appropriate, to test for correlations between continuous variables. The results derived from linear regression model are presented as b-coefficients and 95% confidence intervals of the coefficients. Normality of residuals, homoscedacity and colinearity were evaluated by plotting standardized residuals against the predicted values. Differences in values between particular subgroups according to PA index were tested by using post hoc analysis after Bonferroni correction. Additionally, logistic regression analysis estimated the odds of a QTc interval >450 ms by PA group and after control for other known or potential confounders. All reported P-values were based on two-sided tests. Power analysis with a type I error of 0.05 and a standardized difference of 0.5 in QTc between the three PA groups revealed that the number of enrolled individuals is adequate to achieve a power of >80%. All statistical calculations were performed using SPSS software (version 18.0; SPSS Inc, Chicago, IL, USA).
Results
Demographic and clinical characteristics
After deletion of cases with missing values, the studied sample consisted of 501 men and 570 women.
According to the IPAQ classification, 12% of men reported 'low' PA level, 48% reported 'moderate' PA level and 40% 'vigorous' PA level. Accordingly, 18% of women reported 'low' PA level, 63% 'moderate' PA level and 19% 'vigorous' PA level. Demographic, clinical and behavioral characteristics of the participants are presented in Table 1 . In particular, men in the 'low' PA group were older and more likely to be active smokers. Women in the 'low' PA group had increased BMI and were more likely to suffer from cardiovascular disease and diabetes. There was no difference in mean age between men and women (64.2 AE 12.7 years vs. 63.4 AE 12.9 years, P = 0.29).
Men had significantly shorter QTc interval than women (399.6 AE 23.9 ms vs. 412.12 AE 21.76 ms, P < 0.001); thus, gender was considered as a potential confounder or effect modifier and a stratified analysis based on gender was performed in this work.
PA level and electrocardiographic indices
The age-adjusted mean values of RR and repolarization's intervals by PA groups are shown in Table 2 . In men, a significant increase in average RR interval was observed in the vigorous compared with the moderate PA group. In women, although there was Figure 1 ). QTc interval was significantly correlated with BMI in both men (r = 0.147, P = 0.001) and women (r = 0.150, P < 0.001), while there was no association with MedDietScore neither in men (r = 0.075, P = 0.13), nor in women (r = 0.052, P = 0.37). Linear regression analysis revealed that PA level in women was significantly associated with shorter QTc interval, after adjustment for BMI, MedDietScore, history of cardiovascular disease, arterial hypertension, diabetes mellitus, hypercholesterolemia and smoking habits. In contrast, impact of PA level on QTc interval lost significance in men, after adjustment for the aforementioned confounders (Table 3) . As SDNN values showed significant association with PA levels in women (Table 2) , the aforementioned linear regression model was also corrected for SDNN; the impact of PA levels on QTc remained significant in women (b AE SE: À3.641 AE 1.570, Furthermore, logistic regression analysis revealed that compared to the 'low' PA group women in the 'vigorous' PA group were 5.5-fold less likely to have QTc above the threshold of 450 ms (P = 0.03). Additionally, women in the 'moderate' PA group compared to the 'low' one were 3.3-times less likely to have QTc above 450 ms (P = 0.008).
Discussion
The present study, based on middle-aged and elderly inhabitants of the Ikaria Island, illustrated that increased PA was associated with more pronounced shortening of the QTc duration in women but not in men. Remarkably, this inverse correlation in women remained significant even after adjustment for a variety of known confounders. More precisely, in women, vigorous and moderate PA was associated with decreased odds of a lengthened QTc interval by 80 and 70%, respectively. The strength of IKARIA study is that it represents a large-scale health and lifestyle survey performed for the first time in a population with low mortality rates from cardiovascular diseases and high longevity. 31 Moreover, Ikaria study represents a population where only a low percentage of subjects (12% in men and 18% in women) had a 'low' PA status, thus the results obtained for the population in the low PA group in this study can be magnified in populations where the percentage of subjects exerting low PA is much higher. Inevitably, our study was subject to some limitations. The study's cross-sectional design prevents us from making causal inferences about the relationship between PA and QTc intervals. Additionally, the level of PA was estimated with IPAQ questionnaire which although is objective in nature it presents self-reported levels of PA. Therefore, the level of PA could be overestimated or underestimated. Moreover, blood sampling and measurement of arterial pressure was performed at only one visit.
Despite those limitations the findings of our study are in consistence with several studies highlighting the beneficial role of PA and exercise training on cardiovascular mortality and on quality of life in the general population and in patients after myocardial infarction. 1, 10, 31, 32 Increased PA has also been correlated with improvement in endothelial function, 33 and inflammatory markets, 34 as well as with reduction of blood pressure in normotensive and hypertensive individuals. 4, 5 The prolongation of QTc duration on the surface ECG is associated with increased incidence of ventricular arrhythmias, sudden death, and cardiovascular diseases. [8] [9] [10] Particularly, physical exercise and swimming can induce ventricular tachycardia and sudden cardiac death in patients with type 1 long QTc syndrome. 35, 36 However, regular exercise training may benefit these patients and possibly reduce QT interval. 34 Moreover, Rotterdam Study 8 exhibited that QTc interval is an independent predictor of all-cause and cardiac mortality. An explanation for the association between QTc and future cardiovascular events is the dispersion of ventricular repolarization, reflected in QTc prolongation, which causes early after-depolarization and malignant ventricular arrhythmia. 37 As regards the relationship between PA and QTc, although physical trained women had shorter QTc interval than physical inactive women, no difference has been observed between physical active and inactive men. 38 Moreover, in an interventional study which enrolled only elderly subjects, a regular exercise program for 6 months resulted in a more pronounced reduction in QTc interval in women than in men. 39 In the present study, based on a population with low mortality rates from cardiovascular diseases, the association of PA level with QTc interval in women was statistically significant even after adjustment for known cofounders, such as age, BMI, current smoking status, history of cardiovascular disease, arterial hypertension, diabetes mellitus, hypercholesterolemia and heart rate variability.
There is not a clear explanation for the different impact of PA on QTc interval duration in men and women. It is known that women have increased heart rate and prolong QTc duration. 13 Moreover, a more significant effect of drugs with QT interval prolonging properties and a greater impact of plasma electrolytes disturbances in ventricular repolarization is observed in women. 14, 39, 40 Furthermore, we cannot exclude the possibility that sex steroid hormones may influence the impact of exercise training on ventricular repolarization's duration in men and women. This may implicate the potential anti-inflammatory action of female steroid hormones that could be evident by measuring plasma cytokines levels. Unfortunately, this was not evitable in the present analysis. The observed, in the present study, shortening of QTc interval in women with increased levels of PA could be explained by an exercise induced increase in cardiac vagal activity. Indeed, people active in sports have more intense parasympathetic activity and a better balance between sympathetic and parasympathetic nervous system. The heart rate variability is basically controlled by the effect of vagal and sympathetic influence on the sino-atrial node has been widely used for the evaluation of vagal tone. 26 In parallel, QTc prolongation can be attributed to impairment in this balance. Although in this study women showed lower heart rate than men, there was no parallel increase in SDNN with increased PA status. This may be attributed to the small portion of men and women in the 'low' PA level that may influence our results. Thus, when we adjusted the analysis for SDNN values; there was no mediating effect of SDNN on the relationship between PA and QTc, among genders. Furthermore, this small proportion of men in the 'low' PA level and the increased proportion of men in the 'vigorous' PA level, may attenuate the ability of the study to emphasize the difference of QTc duration between men in the 'moderate' PA level and the 'low' one.
The beneficial role of exercise in ventricular repolarization interval and in parasympathetic activity is additive to the well kwon cardioprotective role of PA in arterial hypertension, hypercholesterolemia, in patients after myocardial infarction and in heart failure patients. More importantly, this study is based on a population with several comorbidities, consequently the results of this study can extrapolate in the general population highlighting the beneficial role of PA in healthy subjects and more importantly in subjects suffering from several cardiovascular diseases. Additionally, the development of a clinical trial that would illustrate the potential gender differences of exercise duration and intensity on parasympathetic tone, could be the ideal scientific tool for further evaluation on this topic.
Conclusion
The results of this study documented another cardioprotective role of habitual PA mainly in middle age and elderly women, that may be related with the higher life-expectancy observed in females compared to males. Accordingly, physicians who treat patients with underline condition predispose to ventricular arrhythmias have to be carefully and thoughtful for the possibility of an increase QTc interval, especially in women exerting low PA levels. More importantly, the cardioprotective role of exercise and PA should be emphasized, especially in women, with a lengthen QTc interval. In this setting of patients habitual PA or even a regular exercise programmed may have the additional benefit of reducing the risk for ventricular arrhythmias.
